Abstract. The large copper butterfly, Lycaena dispar batavus, a subspecies of much conservation interest, is host-specific to the great water dock, Rumex hydrolapathum, but little is known of the relationship between herbivore and host in wild populations. This study investigated the distribution of both R. hydrolapathum plants and L. d. batavus eggs in four different habitat types within the Weerribben National Park, The Netherlands, during the summer of 1993. As expected, host plant distribution strongly influenced that of its herbivore. Further, both species had significantly aggregated distributions, and that of R. hydrolapathum was in agreement with the negative binomial model. Host plant selection for oviposition showed no significant relationship with physical plant charac teristics, such as plant height and the number of leaves, and at the scale studied, habitat type was of only limited influence. The pos sible influence of the vegetational architecture surrounding host plants is discussed.
INTRODUCTION
Host plant selection in the Lepidoptera operates at differ ent scales, and females may choose particular habitats/ micro-habitats, species or other taxa, individuals, or spe cific plant parts (e.g. Porter, 1992) . Host location can in volve chemical cues, (e.g. Courtney, 1988) , however visually-recognised physical cues such as leaf shape (e.g. Rausher, 1978; Stanton, 1982) play a major role in most species (Chew & Robbins, 1984; Thompson & Pellmyr, 1991; Renwick & Chew, 1994) . Indeed, many studies of butterfly oviposition have found that large, visually appar ent host plants are selected preferentially (e.g. Wiklund, 1977; Warren, 1984) , although the opposite may occur (e.g. Dennis, 1985) . Further, females may discriminate be tween individuals of a host species via concentration of secondary plant metabolites (e.g. Ehrlich & Raven, 1965; Baylis & Pierce, 1991 ; also see Oyeleye & Zalucki, 1990 ), leaf quality (e.g, Mattson, 1980; Scriber & Slansky, 1981) , presence of con-specific or other eggs (e.g. Rothschild & Schoonhoven, 1977; Rausher, 1979) or herbivory from other invertebrates (e.g. McKay, 1991) .
The large copper butterfly, particularly the north-west European race Lycaena dispar batavus (Oberthur), has been the subject of previous ecological research, primar ily because of its conservation interest (e.g. Pullin et al., 1995; Pullin, 1997; Webb & Pullin, 1997) . Its only host plant, Rumex hydrolapathum Hudson, is characteristic of a broad range of wetland habitats, though it is particularly abundant along water edges (Duffey, 1968; Bink, 1986; Webb, 1995) . R. hydrolapathum plants growing in these waterside situations often appear to be more vigorous, taller and have a larger number of leaves than plants grow ing away from waterways and within fen vegetation itself (e.g. Duffey, 1968; Bink, 1986) . However, previous obser vations have shown that females tend to avoid ovipositing on waterside plants (see Committee, 1929; Ellis, 1951; Duffey, 1968) . There is, therefore, a possible mismatch be tween those host plants selected for oviposition by females, and those that are the most suitable for larval growth and performance. This is in contrast to the findings of studies such as Leather (1985) , but has been found repeatedly in other studies of Lepidoptera (Chew, 1977) . However, these initial observations of waterside plant avoidance took place in (re-)introduced British colonies of L. d. batavus, and may not reflect the situation in wild populations.
The objectives of this study were threefold: (1) to record the distribution and abundance of L. d. batavus eggs in a wild population in the Weerribben National Park, The Netherlands -site of the largest remaining native popula tion; (2) to investigate possible relationships between host plant characteristics such as size and site selection for ovi position, and; (3) to compare plant selection in different habitat types, subject to contrasting management regimes, in order to elucidate larger-scale effects of host utilization. . These habitat types also reflect dif ferent site management practices, as reed-fields are cut in winter, hay-fields and reed-field ribben in summer, and watersides in ei ther summer or winter.
Repeatability was ensured by making all transects linear and in parallel to the nearest waterway. Distance from the waterway was Table 1 . The abundance and density of Lycaena dispar batavus eggs along transects (N = 35) in different habitat types within the Weerribben National Park in 1993, including reed-fields (N = 10); reed-field ribben (N = 4), hay-fields (N = 15) and watersides (N = 6). recorded, and was partially dependant upon field conditions, e.g. if a waterside strip had been uncut for a number of years, it would be impossible to survey within such an area, and one would have to move further into the field. The actual length of a transect was also largely dependent on the site details, usually the width of the field in question. On the whole, suitable landmarks (windmills, mooring points, solitary trees) were used to enable exact repeti tion of the transect in any future studies; transects were only sam pled once here. Care was taken not to bias sampling by only choosing representative areas (e.g. ignoring scrubby or atypical patches), and conversely not to over-emphasize atypical areas. All transects were in sunny, as opposed to shaded positions. Transect walks were divided into contiguous 1 m2 quadrats and within each quadrat the following were recorded: (1) number of individual plants of R. hydrolapathum present; (2) plant height (this was recorded as the height of the tallest plant part, which was the flowering stem on plants with an inflorescence, and the longest leaf on non-flowering plants); (3) number of leaves (in non-flowering plants the total number of leaves was recordedwith any plants bearing a flowering stem, the number of basal leaves was recorded, ignoring any stem leaves or bracts present above ground on the stem itself); (4) 
Population distribution in R. hydrolapathum and L. d. batavus
The population distribution of R. hydrolapathum along an example transect (Lokkenvaart North -selected because of its large N value) was significantly aggregated, as shown by the index of dispersion test (I = 1.84, %2= 453.81, z = 7.92, P = <0.05) (Krebs, 1989) . Further, it was concordant with (i.e. it did not differ significantly from) a negative bi nomial distribution (%2= 4.10, df = 3, P = >0.05; see Table  1 ). k = 0.4178, as calculated by the maximum likelihood method (Krebs, 1989) . The distribution of L. d. batavus eggs (using the number of eggs per plant) along the same transect was also significantly aggregated (I = 38.36, %2= 3529.49, z = 70.49, P = <0.05) (Krebs, 1989) . It was how ever, not in agreement with the negative binomial (%2 = 26.42, df = 4, P = <0.05; see Table 1 ) (Krebs, 1989) .
Combining data for all transects showed that 69.8% of eggs were laid on the adaxial surfaces, i.e. uppersides, of leaves and 30.2% were laid on abaxial surfaces, i.e. under sides, of leaves. In terms of egg cluster size, 51.2% of eggs were laid as singletons, 30.2% as pairs, 10.5% as trios, and 8.1% as groups of four or more. The largest cluster found consisted of six eggs.
Host plant selection for opposition and plant characteristics
The non-parametric egg distribution data required trans formation before regression analysis, and for this the de rived statistic of (1/x+1) was used as it proved to be in agreement with a normal distribution. The plant attributes that were to be tested for regression with the egg distribu tion data agreed with a normal distribution without trans formation. The data were then analyzed using multiple regression analysis, and no significant relationship was found between the number of eggs present on a plant, and either of the plant characteristics tested (plant height, P = 0.716; number ofleaves, P = 0.917).
Host plant selection for oviposition in different habitat types
Of the 35 transects that were carried out in the Weerrib ben, only five contained R. hydrolapathum plants with L. d. batavus eggs. Table 1 shows the abundance and density of eggs found along these transects, and also shows that three habitat types were represented, i.e. eggs were found in reed-fields, reed-field ribben, and along watersides, but not in hay-fields per se.
An overall statistical comparison of the number of eggs per plant showed that this differed significantly between these five different transects (Kruskall-Wallis, H = 12.85, df = 4, P = 0.012). Preliminary individual comparisons be tween transects were then carried out using the Mann Whitney U test, the results of which are given in Table 2 . Although multiple testing in this way might lead to Type 1 errors, the emergent pattern is clear from visual examina tion of the data, and so this simple method of analysis was preferred (se e Zar, 1996) . The two waterside transects within the Lokkenvaart hay-field (Lokkenvaart North and South) contained the highest density of eggs (mean number of eggs per plant 2.03 and 4.00, respectively), in fact Lokkenvaart south had a significantly higher number of eggs than any other transect. Apart from this difference, however, there were no significant differences, in egg num ber per plant, in comparisons between any of the other transects. 
Host plant and egg distributions
Rumex hydrolapathum host plants were significantly ag gregated in distribution, and their distribution was concor dant with one predicted by a negative binomial model. The distribution of L. d. batavus eggs along our example tran sect was also significantly aggregated, but was not ade quately described by the negative binomial, which con trasts with some earlier findings with insect populations (Bliss & Fisher, 1953; Cain et al., 1985; Southwood, 1976) . This is probably because a small number of host in dividuals received a very large number of eggs, up to a maximum of 73 eggs per plant. Duffey (1968) showed that the size of a R. hydrolapathum plant influences the number of larvae it can support to maturity, and it is unlikely that all the larvae resulting from 73 eggs could survive on a sin gle host plant, even when allowing for high larval mortality (Webb & Pullin, 1996) and/or a very large host plant.
Many butterfly species employ con-specific egg recogni tion and avoidance behaviour to avoid an isolated foodplant receiving more eggs than it can support to maturity (Rausher, 1979; Dempster, 1992; Vasconcellos-Neto & Monteiro, 1993) . Likewise, ovipositing females may choose plants exhibiting lower levels of inter-specific herbivory (see McKay, 1991; also Damman, 1993) , although there are studies that show no egg avoidance mechanism (e.g. Singer & Mandracchia, 1982) , and anecdotal field ob servations suggest that this is so with L. d. batavus (M.R. Webb, pers. observ.) . Further, according to Rausher's hypothesis (1979) , as R. hydrolapathum plants can support >2 larvae to maturity (Duffey, 1968) , no avoid ance should be expected. As single oviposition events in L. d. batavus never resulted in >6 eggs, the data suggest that egg loads of greater than this must represent repeated visits to certain plants by one or more females, while other plants remain unused.
Host plant effects on oviposition
Numerous studies have found that host selection for ovi position is linked with physical plant parameters such as size (e.g. Chew & Robbins, 1984) . For example, marsh fritillary Eurodryas aurinia, females select larger than av erage host plants for oviposition (Porter, 1992) . In contrast, Dennis (1985) , recorded that smaller plants were preferred in the green-veined white Pieris napi. The data from our study are therefore in contrast to earlier findings, as there was no significant relationship between the host plant char acteristics measured, i.e. plant height and number of leaves, and selection for oviposition by L. d. batavus females, al though more eggs were laid on the upper (cf. under) sur faces ofleaves.
It is however possible that biochemical characteristics not measured in this study influence host selection. For ex ample leaf nitrogen can have a demonstrable role (Stamp & Bowers, 1990; Thomas & Hodkinson, 1991; Slansky, 1993) , although it does not influence monarch butterflies, Danaus plexippus. Females of D. plexippus did differen tially select plants with lower levels of cardenolides, secondary compounds associated with plant defences (Oyeyele & Zalucki, 1990 ; also see Rausher, 1981; Baylis & Pierce, 1991; McKay, 1991; Ravenscroft, 1994) . How ever, as plant chemical characteristics (such as plant nitrogen and secondary plant metabolite concentrations) of ten correlate with plant size or age (e.g. Mattson, 1980; Crawley, 1983) , a lack of a relationship between host se lection and physical characteristics may suggest that selection is not linked to chemical characteristics either.
Habitat mediated effects
In the absence of con-specific egg avoidance behaviour, it is predictable that in certain situations plants will receive large numbers of eggs, especially when isolated (e.g. Jones, 1977; Mackay & Singer, 1982; Rausher, 1983; Soberon et al., 1988) , or if not isolated, then at the edge of a clump (see Courtney & Courtney, 1982; Courtney & Duggan, 1983; Courtney, 1986) , or visually apparent (e.g. Cromartie, 1975; Wiklund, 1984; McKay, 1991) and in a sunny position (e.g. Gossard & Jones, 1977; Thomas, 1985; Shreeve, 1986; Warren, 1995) . These factors may well contribute to an explanation for the distribution of eggs of L. d. batavus, and we hypothesize that habitat char acteristics are a more important influence than hostplant selection in oviposition site selection in L. d. batavus.
Host plant selection in different habitat types
In contrast to earlier observations with (re-)introduced populations of L. d. batavus in Britain, waterside plants were not avoided by ovipositing females. Further evidence of this is provided by Pullin (1997) . This may have conse quences for subsequent larval survival, as Webb & Pullin (1996 , 1998 showed that overwintering larvae on water side plants are more susceptible to winter flooding, although survival is comparable with other habitat types in the absence of flooding events (Pullin, 1997) . Indeed, at the scale studied, habitat type appeared to be of limited influ ence on host plant selection, with eggs being widely distributed throughout three out of four habitat types (also see Pullin, 1997) .
We conclude with an hypothesis that habitat mediated ef fects are the major determinants of host plant selection for oviposition in L. d. batavus, but that these are not simply linked to habitat type. Further, it may be that the physical structure of surrounding vegetation, i.e. vegetational archi tecture, is more important that the habitat type per se, and that favourable structures can be achieved using different management techniques in different habitat types. For in stance, a favourable vegetational architecture may be one that creates the right blend of sunshine and shelter, and therefore warmer microclimates, as observed by Warren (1995) , and it may be that these are actively sought by fe males, especially in years of poor summer weather. All of our transects were located in sunny as opposed to shady conditions, and eggs have never been found on totally shaded plants (also see Pullin, 1997) . More than any other transect, the one along Lokkenvaart South, which received by far the highest density of eggs, seemed to fit this de scription; conditions appeared to be sheltered yet open and particularly sunny. Individual plants here received up to 73 eggs and must have been selected repeatedly. Direct obser vation of female oviposition behaviour and of leaf surface temperatures will prove or disprove this hypothesis, but the nature of the wetland terrain, combined with the large areas of potential habitat, are likely to hinder future work.
